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HQ/LHQ – quench protection status



HQ01d – initial plan
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Plan was to have a short pulse to control 
the amount of energy deposited

 will/should happen in HQ01e
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Delay time vs % of Iss

0

10

20

30

40

50

60

20 30 40 50 60 70 80

D
el

ay
 to

 q
u

en
ch

 o
n

se
t 

(m
s)

% of Iss 

HQ01d - 32 W/cm2

HQ01c ~40 W/cm2

HQ01a ~43 W/cm2

HQ01c ~54W/cm2

HQ01d ~ 55 W/cm2

HQ01c ~70 W/cm2

HQ01c ~ 80 W/cm2

"LQ ~ 65 W/cm2"

ROXIE P0=150 W, Tau = 
26 ms

LQ ~ 95 W/cm2
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ROXIE: fine tuning based on HQ data
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HQ simulation without PH and 40 mOhm Dump HQ simulation without PH and 30 mOhm dump

HQ01c test without PH HQ01c test with PH (1-4 circuits connected)

HQ01b test HQ01d test (all PH circ. Connected)

HQ sim. PH150W 26 ms 40 mOhm

Detection and PH delay 10 ms, Rdump delay 10+10 ms 

ROXIE - 40 mohm – no PH

ROXIE - 40 mohm -PH

ROXIE - 30 mohm – no PH
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• all tests consistent
• up to 10.5 kA no PH eq to PH
• MIITs lower than simulation 

=> no quench-back in ROXIE
=> tdetRoxie > tdet-test at high Imag

HQ01d

HQ01c

191 K



Quenchpro: fine tuning based on HQ data
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HQ01d- 30 mohm - all PHs but 9B02

HQ01c - 30 mohm

HQ01c - no PH

quenchpro - 30 mohm

quenchpro - 47 mohm

quenchpro - 47 mohm - 11ms det

quenchpro - no PH

vdump 580 V

crowbar

slow quench

Main difference 
between test and 
Quench pro: 
tdump=tPH

=> To be modified

• tdetQP = tdet-test
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170 K
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LHQ-quenchpro - 40 mohm

LHQ - ROXIE - 40 mhm

LHQ-quenchpro-40 mohm-OLPH

LHQ - ROXIE - 40 mOhm - OLPH

"LHQ - ROXIE - 30 mOhm - QP 
comparison"

LHQ - quenchpro - 30 mohm

Quenchpro / Roxie for LHQ

tdump=tPH

tdump=tPH

tdump=tPH + 10 ms

~ 2.5 MIITs

Discrepancy coming from heater delay in Roxie and 
Quenchpro

422 K – high field (14 T)
324 K – low field (6T)
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• Without quench-back: full heater coverage 
required

150 T/m ~ 2 MJ

220 T/m ~ 4.8 MJ120 T/m  ~ 1.6 MJ ~ LQ



Summary and next steps
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• Need to quantify the quench-back effect to take it into account in LHQ

• Need to look at the voltages

• Need to estimate the change in heater delay due to the additional layer of Kapton
=> HQM01 (coil 12) 

•More heater tests => HQ01d (energy – pulse) – LQS02

• temperature sensor ?


